Lead halide APbX3 based perovskite solar cells (PSCs) continue to attract large attention exhibiting currently a certified efficiency of 22.1% [1] , exceeding that of commercial polycrystalline silicon solar cells [2] . This has prompted recent strong interest in the development of PSCs for large-scale practical deployment. Since PSCs can be manufactured by solution methods, judicious process design is of primary concern for commercialization, targeting especially lower cost methods compared with other solar cells. However, state of the art perovskite materials such as MAPbI3 or FAPbI3 (where MA is methylammonium, CH3NH3 + and FA is formamidinium. CH2(NH2)2 + ) that are mostly used for PSCs need annealing at 70-150°C for 30-60 minutes to form the black crystalline photoactive layer [3] [4] [5] .
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This process is not suitable for mass production. Considering the roll-to-roll fabrication that is a very attractive way for mass production, the 30-60 minutes annealing process not only decreases throughput but also requires large processing areas and annealing equipment, apart from consuming energy. One way to address this problem is to employ an instant flash annealing technique as reported by J.Troughton et al. who used NIR heating or photonic flash sintering [6, 7] .
Another approach is to avoid the annealing step altogether. Recently, there are several reports appeared on cation combinations such as FA and Cs and/or MA perovskite formulations to yield black photoactive perovskite phase without annealing [8, 9] . PSCs have been prepare at RT with efficiency of 15-17% [10, 11] . However this method involves replacing the high boiling point dimethyl formamide (DMF) or dimethyl sulfoxide (DMSO) by a volatile solvent, which is not attractive from the practical point of view.
Here we show that Cs ions in combination with MA facilitate greatly the rapid room temperature crystallization of perovskites and explore its role in enhancing crystal formation. The device with optimized A-cation composition of FA0.8MA0.1Cs0.1
showed a solar to electric power conversion efficiency (PCE) of 18.1% (stabilized at 17.7%). Our method provides an attractive path to room temperature fabrication of
PSCs by low-cost, large-scale manufacturing such as the roll-to-roll process.
We investigate FA/MA/Cs triple cation formulations for room temperature perovskite since they form high efficiency PSCs [9, [12] [13] [14] [15] and low temperature, photoactive perovskite phase [8, 9, 16] Figure 1a shows the effect of the MA/Cs ratio on the photoluminescence (PL) emission spectra and UV-vis absorption spectra of the room temperature (RT) processed perovskite films. We spin coated the films and kept it for 5 min at room temperature. For comparison, we annealed in a similar way films at 100°C for 30 min. The data in Figure 1a indicate a clear blue shift in the absorption and PL with increasing Cs content, due to lattice contraction by the small Cs ions while the Cs-free non-annealed FA0.8MA0.2Cs0 sample is not fully converted to the perovskite phase at RT. This confirms that mixed cations FA/MA/Cs are incorporated in the perovskite lattice. Figure 1b shows the x-ray diffraction (XRD) patterns of the perovskite to vary with the MA/Cs ratio for the RT processed films. As shown in our previous study [9] , the (110) peak exhibits a strong intensity compared to annealed Cs-free films ( Figure S1 ). However, upon increasing the Cs/MA ratio, the relative intensity of the (112) peak is increased. This indicates that larger amounts of Cs affect the crystal orientation, which is unfavourable for the device performance [17] . The same tendency is shown in the un-annealed films.
On the other hand, for un-annealed films, formulations with less than 10% Cs exhibit several peaks between 5-10 degrees in the XRD patterns, arising from an intermediate MA2Pb3I8·2DMSO phase (Figure S2 ) [18] . This indicates that films with less than 10% Cs are not fully converted to perovskite at RT. Also, these formulations contain some yellow (δ)
phase of FAPbI3, which is undesirable for photovoltaic applications. Importantly, upon addition of 10% Cs, the δ-phase completely vanishes. Thus we conclude that a minimum amount of 10% Cs is needed to stabilize the photoactive black phase (α-phase) for FA/MA/Cs triple cation perovskite formulations. Figure 1d show thermogravimetric analysis (TGA) data to detect any residual solvent, which is especially important for non-annealed films. Interestingly, the RT Cs-free (FA0.8MA0.2Cs0) films show large amount of weight loss starting from around 70°C, which corresponds to the evaporation temperature of DMF and DMSO [19] . However, the containing un-annealed films with the composition FA0.8MA0.1Cs0.1 and FA0.8MA0Cs0.2 display almost no weight loss similarly to the annealed film. This indicates that the Cs containing films contain almost no residual solvent in good agreement with the XRD data. We speculate that Cs interacts strongly with the [PbI6]
Figure 1c and
4-octahedra [8] replacing the intercalated solvent. In the absence of Cs the perovskite undergoes strong complexation by DMSO forming a stable DMSO-PbI2 or MAI-DMSO-PbI2 complexes [20] from which it is hard to remove the solvent (Scheme 1). indicates film with MA has better crystallinity ( Figure S3 ). Thus we conclude that MA helps to increase the grain size and crystallinity, probably due to interaction with DMSO [20] .
Therefore, especially in non-annealed perovskite, both Cs and MA are necessary to convert the precursor to a pure photoactive perovskite phase of high quality crystals.
To investigate the solar cell performance, we used a device stack consisting of fluorine doped tin oxide (FTO)/compact TiO2/mesoporous TiO2/triple cation perovskite/2,2´,7,7´-tetrakis(N,N-di-p-methoxyphenylamine)-9-9´-spirobifluorene (spiro-OMeTAD)/Au. Figure   3a shows the cross sectional image of the device. All fabrication details can be found in the SI. (FF) of 0.73, The power output was stabilized at 17.7% PCE. This is the highest PCE reported so far for a PSC prepared at room temperature. Also surprisingly, there is only a 0.6 % difference to annealed PSCs. In order to investigate its long-term shelf-life, we stored the device in dark and dry air condition for 300 hrs ( Figure S7) . We confirmed there is no serious degradation, the relative value being 10% loss after 300 hrs storage.
We also prepared room temperature perovskite on planar substrate with SnO2 [25] as The substrates were then annealed at 100°C for 30min in a nitrogen filled glove box (only for the device with annealed perovskite). is strong enough to remove the solvents. It allows forming crystalline perovskite phase without annealing.
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